protocol IntroDuctIon
Reactive oxygen species (ROS) are produced in many aerobic cellular metabolic processes. They include, but are not limited to, species such as superoxide and hydrogen peroxide, which react with various intracellular targets, including lipids, proteins and DNA 1 . Although ROS are generated during normal aerobic metabolism, the biological effects of ROS on these intracellular targets are dependent on their concentration, and increased levels of these species are present during oxidative stress. Increased levels of ROS are cytotoxic, whereas lower levels are necessary for the regulation of several key physiological mechanisms, including cell differen tiation 2 , apoptosis 3 , cell proliferation 4 and regulation of redox sensitive signal transduction pathways 5 . However, increased levels can also result in ROSinduced damage including cell death, mutations, chromosomal aberrations and carcinogenesis 1 .
Antioxidant enzymes
The intracellular concentration of ROS depends on the production and/or removal by the antioxidant system. Cells contain a large number of antioxidants to prevent or repair the damage caused by ROS, and to regulate redoxsensitive signaling pathways. Three of the primary antioxidant enzymes contained in mammalian cells that are believed to be necessary for life in all oxygenmetabolizing cells 6 are superoxide dismutase (SOD), catalase and a substrate specific peroxidase, glutathione peroxidase (GPx) (Fig. 1) . The SODs convert superoxide radical into hydrogen peroxide and molecular oxygen (O 2 ), whereas the catalase and peroxidases con vert hydrogen peroxide into water and, in the case of catalase, into oxygen and water. The net result is that two potentially harmful species, superoxide and hydrogen peroxide, are converted to water. SOD and catalase do not need cofactors to function, whereas GPx not only requires several cofactors and proteins but also has five isoenzymes. In the glutathione system, glutathione reductase (GR) and glucose6phosphate dehydrogenase (G6PD) do not act on ROS directly, but they enable the GPx to function 7 . There are three SOD enzymes that are highly compartmentalized. Manganese containing SOD (MnSOD) is localized in the mitochondria; copper and zinccontaining SOD (CuZnSOD) is located in the cytoplasm and the nucleus; and extracellular SOD (ECSOD) is expressed extracellularly in some tissues. Other compartmental ized antioxidant enzymes include catalase, which is found in per oxisomes and the cytoplasm, and GPx, which can be found in many subcellular compartments including the mitochondria and the nucleus depending on the family member. Thus, the many forms of each of these enzymes reduce oxidative stress in the various parts of the cell. Thus, antioxidant proteins with similar enzymatic activity may have different effects after modulation due to different localizations within cells. CuZnSOD comprises ~90% of total SOD activity in a eukaryotic cell 7 . Besides its primary distribution in the cytosol, a small frac tion of this enzyme has been found in cellular organelles such as lysosomes, peroxisomes and the nucleus 8 . Recently, there has been some evidence showing the presence of CuZnSOD (~2%) in the intermembrane space of the mitochondria 9, 10 , and this localiza tion was suggested to be important in providing further protection against ROS and in preventing superoxide radicals from leaking out of the mitochondria. Although ECSOD also uses copper and zinc as catalytic cofactors in a similar manner as CuZnSOD, ECSOD is the only isoform of SOD that is expressed extracellularly and is distributed in the extracellular matrix of many tissues 11, 12 . ECSOD is highly restricted to specific cell types and tissues such as the lung, heart, kidney, plasma, lymph, ascites and cerebrospinal fluid 12 .
Unlike the other SODs, ECSOD has affinity for heparin sulfate proteoglycans located on cell surfaces and in the extracellular matrix because of its heparinbinding domain 13 , which mediates the binding of ECSOD to cells. In addition, ECSOD is a glyco sylated high-molecularweight homotetramer (155 kDa), whereas CuZnSOD is an unglycosylated homodimer (32 kDa). MnSOD (88 kDa) is found in the mitochondrial matrix and is inducible in protocol eukaryotes after treatment with Paraquat, irradiation and hyper oxia, suggesting that MnSOD induction is important for protection against oxidative stress 14 . In addition, MnSOD has been found to be decreased in many cancer cell types and increasing MnSOD levels reverses the in vitro and in vivo malignant phenotype of many cancers [15] [16] [17] . Catalase converts hydrogen peroxide to water and oxygen. Catalase activity is largely located in subcellular organelles known as peroxisomes. Targeted delivery of catalase to the liver by galacto sylation suppresses hepatic metastasis and decreases matrix metal loproteinase activity, whereas a decrease in catalase correlates with carcinogeninitiated emergence of the malignant phenotype in mouse keratinocytes 18 . Catalase also attenuates both the basal and MnSODdependent expression of matrix metalloproteinases and collagen deposition 19 . Cytosolic GPx (GPx, GPx1) is a selenoprotein, first described as an enzyme that protects hemoglobin from oxidative degrada tion in red blood cells 20 . As seen in Figure 1 , GPx requires several secondary enzymes (GR and G6PD) and cofactors (reduced glu tathione, NADPH and glucose 6phosphate) to function at high efficiency. As mentioned previously, there are five GPx isoenzymes 21 with GPx1 considered a major enzyme responsible for removing H 2 O 2 . Overexpression of this enzyme protects cells against oxidative damage 22, 23 , suppresses apoptosis induced by H 2 O 2 (refs. 24,25) and reverses the malignant phenotype in pancreatic cancer 7 .
Assays for measuring antioxidant enzymes
In our laboratory, we have used ingel activity assays to determine the activity of SODs, catalase and GPx [15] [16] [17] 26 . The most important parameter determining the biological effect of the antioxidant enzymes is activity. As the expression of the antioxidant enzyme mRNA or protein does not necessarily result in an increase in activity 27 , enzymatic assays and native gels (Figs. 2 and 3) are used to measure the activity of the antioxidant enzymes. The activity assay requires tenfold more protein than the gel assays but gives a quantitative result, whereas the native gel requires less protein but results in a qualitative result. In addition, a visual image is often a compelling way to present or address a scientific question, thus his tological images of cells in culture or of cells (Fig. 4) within a tissue sample can help to better understand basal and abnormal expres sion of proteins of interest. Immunohistochemical analysis is an ideal method for determining cellspecific antioxidant expression levels (Fig. 5) 26,28 . Highly specific immunostains for both tissues and cells are available for SOD, GPx and catalase, and show that MnSOD is present in the mitochondria, CuZnSOD throughout the cytoplasm, GPx in the mitochondria and the nucleus, and catalase in the peroxisome. The immunohistochemical (Fig. 5) , immuno fluorescence and immunogold ( Fig. 6 ) methodologies used to determine endogenous SOD, catalase and GPx are standard in most histology laboratories. The antibodies used in these applications are all available commercially and can be used on fresh or fixed tissue or cells. Representative images of MCF 10A cells immunostained for MnSOD and CuZnSOD show robust, specific staining (Fig. 4) . The drawback of immunostaining is that immunohistochemistry does not measure the activity of the antioxidant protein, and as mentioned, there is a potential, especially during disease states, that the protein can be expressed but remain inactive. Antioxidants can be measured in tissue or cell lysates; however, homogenates of tissues contain a mixture of cell types potentially diluting the levels of a given antioxidant in a specific cell type within the sample. Furthermore, the subcellular location of the proteins of interest cannot be determined. GPx requires several secondary enzymes, including glutathione reductase (GR) and glucose-6-phosphate dehydrogenase (G-6-PD), and cofactors, including glutathione (GSH), NADPH and glucose 6-phosphate, to function at high efficiency. If GR is inhibited, cells cannot remove H 2 O 2 through the glutathione peroxidase system and the levels of glutathione disulfide (GSSG) increase. If glutathione synthesis is inhibited, either by inhibiting glutathione synthetase (GS) or by γ-glutamyl cysteine synthetase (γ-GCS), glutathione will be depleted and GPx will not be able to remove H 2 O 2 . If catalase is inhibited, cells also cannot remove H 2 O 2 . Finally, if glucose uptake is inhibited creating a chemically induced state of glucose deprivation, hydroperoxide detoxification will also be inhibited. immortalized breast epithelial cells after infection with the AdEmpty, AdCuZnSOD or AdMnSOD (50 or 100 multiplicity of infectivity, MOI) adenoviral vector constructs, an activity gel was performed. Protein (100 µg) was loaded and the gels were electrophoresed at 4 °C. SOD expression can be visualized by first soaking gels in NBT. MnSOD expression alone was visualized by the addition of NaCN, which inhibits CuZnSOD activity. The adenoviral vector AdCuZnSOD increased CuZnSOD activity, while the AdMnSOD vector increased MnSOD activity. 
Applications of the protocols
These protocols are of interest to any investigator who is involved in oxidative stress as a mechanism of nearly any field of biomedi cal study including, but not limited to, cancer, cardiovascular dis ease, immunology and aging. These protocols will be applicable to investigations that focus on the question of whether increased oxidant formation, due to an alteration in antioxidant enzymes, is the cause of human disease. Furthermore, these protocols will be beneficial to investigators who wish to know whether altera tions in antioxidant enzymes contribute to the disease or are just an epiphenomenon. For example, our laboratory has demon strated that there are decreased levels of MnSOD in pancreatic cancer 15, 16, 28 . This has been shown by immunohistochemistry in human pancreatic cancers 28 and in human pancreatic cancer cell lines 15, 16 . Moreover, we have shown that stable 17 and transient 15, 16 increases in the MnSOD gene resulting in increased immuno reactive protein and activity, reverses the malignant phenotype of cells. In other diseases, the increased levels of proteins with minor antioxidant activity may be a consequence of the disease 29 and not contribute to the disease pathology 30 . Thus, applications using the measurement of antioxidant in cells and tissue are highly diverse and span all disciplines including genetics, biochemistry, physiology, neuroscience and molecular biology.
Experimental design SOD assays. SOD activity can be measured by both activity assays and activity gels. In the biochemical method, xanthine-xanthine oxidase (XO) is used to generate O 2
• − and nitroblue tetrazolium (NBT) reduction is used as an indicator of O 2
• − production. SOD competes with NBT for O 2 • − ; thus, the percentage inhibition of NBT reduction is a measure of the amount of SOD present. Catalase is included to remove H 2 O 2 produced by SOD. In our laboratory [15] [16] [17] , SOD activity is measured using a modification of a published method 31, 32 . The specific activity of both enzymes is reported as units per mg protein 33 , per µg DNA 34 or per cell. The order of the addition of the reagents into the assay solution is criti cal. Bovine serum albumin (BSA) is added to keep the solution from forming precipitates when bathocuproine disulfonic acid (BCS) is added. BCS (an electron chainassociated free radical produc tion inhibitor) and diethylenetriaminepentaacetic acid (DETAPAC) are both added to inhibit ironassociated redox cycling and free radical production. The original concentration of sample protein should be around 20 µg µl Although the amount of SOD in total will give a good idea of the overall superoxide detoxifying capacity of a cell or tissue, deter mination of both total SOD and MnSOD, and subsequently CuZnSOD, will be more informative as location and responsive ness of MnSOD and CuZnSOD differ. Moreover, while MnSOD is considered inducible, CuZnSOD in some instances can also be enhanced in some disease states or in response to certain treat ments 35 . Thus, differential determination of SOD activity should be performed in most cases.
Additional methods that can be used to determine SOD activ ity are the cytochrome c assay or the potassium superoxidebased direct assay. Determination of SOD activity with the NBTNCS methodology presented here 36 is a more sensitive assay than using cytochrome c as the reductant, the addition of DETAPAC and BCS to the assay greatly reduces the homogenateassociated background activity signal while maintaining the pH of the assay, thus ensur ing that SOD can function efficiently. An alternative potassium superoxidebased direct assay analysis of SOD 11 is determined at a pH that alters the activity of MnSOD. Furthermore, an additional stopflow kinetics assay cannot accurately determine SOD within cell and tissue homogenates 37 . The SOD activity gel assay carried out in our laboratory [15] [16] [17] is also based on the inhibition of the reduction of NBT by SOD originally described by Ornstein 38 and by the method of Davis 39 . The principle of this assay is based on the ability of O 2
• − to inter act with NBT, reducing the yellow tetrazolium within the gel to a blue precipitate. Areas where SOD is active develop a clear area (achromatic bands) competing with NBT for the O 2
• − . In the stacking gels of this assay (and the catalase and GPx gel assays), riboflavin is utilized as a source of free radicals, in the presence of light, to catalyze the polymerization of the gel. This is used in replace of ammonium persulfate (APS) because of the poten tial enzyme inactivation that APS could cause. This also has the added advantage that the acrylamide does not polymerize until acti vated by light exposure. Although the riboflavin/sucrose/acrylamide stacking gel is optimal, a conventional stacking gel containing can be used because the entire gel, including the stacking gel, is prerun in a buffer removing free persulfate ions from the gel that can poten tially inactivate the antioxidant enzymes to be measured. Once run, the gels are stained for SOD activity by the method of Beauchamp and Fridovich 40 . CuZnSOD and MnSOD can be differentiated by the presence of sodium cyanide (NaCN) in the staining solution, which inhibits CuZnSOD (Fig. 2) . Stained native activity gels will have a lighttodark purple appearance with clear bands represent ing the area where SOD enzymes are present. The SOD activity gel assay uses 12% gels to allow for both visualization of MnSOD (88 kDa) and the smaller CuZnSOD (32 kDa) (Box 1).
In Figure 2 , a representative gel, in grayscale, shows distinct MnSOD bands (upper bands) and the broader CuZnSOD bands (lower band). The CuZnSOD band can also be present as mul tiple distinct bands. These bands will not appear if exposed to NaCN, which will readily bind the copper within the active site of CuZnSOD, inhibiting its activity and not allowing the enzyme a b protocol to compete with NBT. This assay is also a good alternative to the spectrophotometric activity assay if limited sample is available; 100-250 µg protein for the gel assay verses a minimum of 2.5 mg per sample for the spectrophotometric SOD assay.
Catalase assays. Catalase activity in our laboratory is measured by a spectrophotometric procedure measuring peroxide removal 15, 26 . It is a direct assay with pseudofirstorder kinetics 29, 30 and is meas ured by the method of Beers and Sizer 41 . The rate of peroxide removal by catalase is exponential. It is difficult to saturate catalase because of the large rate constants of compound I and II (1.7 and 2.6 × 10 − 7 M − 1 s − 1 , respectively). Catalase will begin to be inac tivated by H 2 O 2 at levels >0.1 M, when compound I is converted to compound II or III. By the end of the assay, H 2 O 2 is consumed and catalase is inactivated 42 . Catalase activity gels can also be used and will be greenblue in color with white broad bands where the enzyme is present (Box 2). Following separation of native protein, the catalase enzyme removes the peroxides from the area of the gel it occupies. Removal of peroxide does not allow for the potas sium ferricyanide (a yellow substance) to be reduced to potassium ferrocyanide that reacts with ferric chloride to form a Prussian blue precipitate 43 . Catalase gels (8% gels) will have one band (220 kDa) that rarely saturates, getting larger with increasing catalase activ ity 15, 26, 30 . Both of the catalase assays should be preformed utilizing a positive control. The catalasepositive control activity is defined in international unit equals (1 unit) as the amount of catalase necessary to decompose 1.0 µM of H 2 O 2 per minute at pH 7.0 at 25 °C, whereas H 2 O 2 concentration falls from ≈10.3 to 9.2 mM. The concentration of H 2 O 2 can be calculated from absorbance using the following expression: GPx assays. We measure GPx activity in our laboratory 7 according to an established procedure using H 2 O 2 as a substrate 44 . However, the assay can be carried out with cumene hydroperoxide or tert butyl hydroperoxide as the substrate instead of H 2 O 2 to measure total peroxidase activity 45 . Tertbutyl and cumene hydroperoxides Box 1 | SoD activity gel MethoD • tIMInG 24 h 1. Clean glass plates with methanol or ethanol to rid the surface of any debris, ensure there are no cracks or chips in the plates. Assemble the plates in the gel clamp apparatus and stand using 1.5-mm spacers, thus making a 'thick' gel. 2. Run duplicate samples on two 12% (vol/vol) native gels. Add all the reagents (see REAGENT SETUP) together in a 50-ml conical tube and mix well. Add the solution to the glass plate assembly about 1 cm from the top of the apparatus using a 5 ¾″ glass Pasteur pipette. Slowly add a layer of water over the running gel until it is entirely covered. Ensure the apparatus is level and wait 20-30 min for polymerization of the gel. An interface can clearly be seen between the water layer and the gel when polymerization is complete. Pour off the water to scan the gel.  crItIcal step Run the gels at 4 °C. All staining steps should be performed at room temperature. 3. After the separating gel has polymerized, prepare a 5% (vol/vol) stacking. Mix all the reagents together in a 50-ml conical tube. Add to the surface of the running gel, filling the glass assembly to the top with the stacking gel. Add a 1.5-mm comb, at an angle to avoid air bubbles under the comb surface; this is critical for the proper running of the samples. Place the gel apparatus under a fluorescent light or on a light box to aid in the polymerization reaction. Under light, polymerization will take under within 15-30 min. 4. Pre-electrophoresis. Once the gel is polymerized, remove the combs and the gel assemblies from the casting stand. Attach gel assemblies to the electrode assembly and place into the electrophoresis (box) apparatus. Pour pre-electrophoresis buffer into the reservoir and chamber of the box apparatus and close the apparatus cell lid. Pre-electrophorese the gels for 1 h, at 40 mA at 4 °C. For best results, leave the gel overnight at 4 °C.  crItIcal step The pre-electrophoresis step removes residual APS, TEMED and incomplete polymerization products, which may inactivate native proteins. 5. Leave the gels in the pre-electrophoresis buffer. Clean the wells with a 5 ¾″ glass Pasteur pipette to remove residual gel reagents. Prepare the samples by diluting the stock sample 1:1 in a loading gel buffer and add the samples to the wells. For samples prepared for cell culture, load 50-250 µg protein per sample. Typically, 150 µg will give distinct bands. For tissue homogenates, load 50-100 µg protein per sample. 6. Run the samples in the pre-electrophoresis buffer for 3 h at 40 mA at 4 °C. After 3 h, remove the gel setup and pour off the pre-electrophoresis buffer.  pause poInt The gels can be left at 4 °C for 18-24 h. 7. Add the electrophoresis buffer to the reservoir and chamber of the apparatus. Run the gel for about 2-3 h more (40 mA, 4 °C). To ensure the proteins have entered the gel, watch for a dye line at the top of the sample dye front. Once the dye front reaches the bottom of the gel, run the gel for an additional 1 h. 8. To stain the gels with SOD native gel stain, place one gel in a plastic or glass container containing 40 ml of total SOD stain and the other gel in 40 ml of MnSOD stain. Stain for 20 min at room temperature, shaking in the dark or covered by foil. 9. After incubation, rinse the gels gently with ddH 2 and GPx (contains a selenium in the active site) can use hydroper oxides to determine total peroxidase activity. On the other hand, glutathione Stransferases will not detoxify H 2 O 2 . Thus, the assay using cumene hydroperoxide or tertbutyl hydroperoxide measures seleniumdependent GPx and activity from glutathione Strans ferases (seleniumindependent GPx) 7, 15 . This assay is an indirect, coupled assay for GPx. This assay takes advantage of glutathione disulfide (GSSG) formed by the enzymatic action of GPx and is regenerated by excess GR in the assay. The action of GR is monitored by following the disappearance of the cosubstrate NADPH at 340 nm. This is a modification of the assay described by Günzler and Flohé 46 . The assay recording of NADPH loss measures H 2 O 2 reduc tion by GPx to alcohol 47 . To determine the GPx activity within a sample, given that 1 unit = 1 µmol NADPH oxidized per min at the specified glutathione (GSH) concentrations or more correctly, µmole GSH produced per min; use the following calculations:
Step 1: determine the units per ml sample: Units per ml reaction volume = (∆Abs/6.22)*(mmol l − 1 × min) * (0.001 liter) * (1,000 µmol/1 mmol) * (2 µmol GSH produced/ 1 µmol NADPH produced) * (conversion factor). where (∆Abs/6.22) represents the extinction coefficient and units; 0.001 liter = reaction volume; units ml − 1 = volume of the reaction; dilution factor (for 100 µl of homogenate = 10); and conversion factor: at 37 °C = 1; at 25 °C = 2.35.
Step 2: determine the GPx activity as units per mg sample = (units per mg protein)*(units ml − 1 )*(dilution factor)* (1/protein concentration of the homogenate in mg ml − 1 ) GPx activity gels (8% gels) will be greenblue in color with white broad bands where the enzyme is present (approximately 85-90 kDa) (Box 3). Similar to the catalase assay, the ingel assay determines GPx levels between samples by removal of the reducing agent, peroxide, needed for potassium ferricyanide to ferrocyanide. Removal of peroxide by GPx inhibits the interaction with ferric chloride and, thus, allows for an achromatic clearing on the gel where GPx is present. With GPx gels, it is critical to run a positive control (such as bovine GPx as shown in Fig. 3) , as often an upper band will appear corresponding to glutathione Stransferases. Band width will also increase with increasing GPx present in the sample.
Histochemical assays for detecting antioxidants.
In addi tion to the activity assays and activity gels for SOD, catalase and GPx, the levels of immunoreactive protein for these enzymes can also be determined in cells and tissue by immunohistochemistry (Box 4), immunofluorescence of tissue sections and cultured cells (Boxes 5 and 6, respectively) and immunogold histochemistry (Supplementary Method).
Box 2 | analySiS of catalaSe uSing an in-gel activity aSSay
• tIMInG 24 h 1. For catalase gels, prepare 8% (vol/vol) native gel. Only one gel is required.  crItIcal step Run the gels at 4 °C. All staining steps should be performed at room temperature. 2. Prepare the samples by diluting the stock 1:1 in a loading gel buffer and add the samples to the wells. For samples prepared for cell culture, load 50-100 µg. For tissue homogenates, load 50-100 µg protein per sample. Load a positive control for catalase (bovine catalase, 10 mU) or GPx (bovine or human GPx, 50 mU). 3. Prepare and run all other aspects of the assay as for the SOD activity gel (see Box 1, Steps 1-7). 4. Remove the gel from the glass plates and place into a glass staining dish. 5. Wash the gel 3 × 10 min in ddH 2 O. 6. Prepare a 0.003% H 2 O 2 solution by mixing 10 µl of H 2 O 2 solution (30% vol/vol) with 100 ml of ddH 2 O in a glass beaker with a stir bar. Incubate the gel in the H 2 O 2 0.003% (vol/vol) for 10 min. 7. Prepare the stain in two 50 ml conical tubes by preparing ferric chloride (2% (wt/vol), 0.6 g in 30 ml distilled water) in one tube and potassium ferricyanide (2% (wt/vol), 0.6 g in 30 ml distilled water) in another. 8. Rinse the gel twice with ddH 2 O twice for 5 min. Pour off ddH 2 O. 9. Add the stain to gel. ! cautIon Ferric chloride and potassium ferricyanide are caustic and will leave an indelible stain; use gloves.  crItIcal step Do not mix the two reagents before staining, pour them together directly on top of the gel. 10. When achromatic bands begin to form, pour off the stain and rinse extensively with ddH 2 O. 11. Image as described in Box 1 (Steps 9-12). 
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Box 3 | analySiS of glutathione peroxiDaSe uSing an in-gel activity aSSay • tIMInG 24 h
1. For GPx activity gels prepare 8% native gels. Only one gel is required.  crItIcal step Run gels at 4 °C. All staining steps are performed at room temperature. 2. Prepare and run all other aspects of the assay as for the SOD activity gel (see Box 1, Steps 1-7). For samples prepared for cell culture, load 200-300 µg protein per sample. For tissue homogenates, load 100-200 µg protein per sample. 3. Prepare a 1-mM GSH solution by dissolving 93 mg of GSH in 300 ml of ddH 2 O. 4. Remove the gel from the glass plates and place into a glass staining dish. 5. Wash the gel 3 × 10 min in ddH 2 O containing GSH, using about 50 ml per wash.  crItIcal step Washing the gels with GSH containing ddH 2 O allows the gel to absorb this substrate needed for GPx to function during the staining portion of the protocol. 6. Prepare the stain in two 50 ml conical tube by preparing ferric chloride (1% (wt/vol), 0.3 g in 30 ml ddH 2 O containing GSH) in one tube and in an other tube preparing potassium ferricyanide (1% (wt/vol), 0.3 g in 30 ml ddH 2 O containing GSH). 7. Incubate the gel in 100 ml ddH 2 27. Use digital microscopy to capture images 28 . To determine the content of the various antioxidant enzymes in the immunohistochemically stained sections, a semiquantitative digital imaging method can be used 48 or for better accuracy obtain the assistance of a pathologist and use a scoring system.  pause poInt Slides can be stored indefinitely at room temperature. 12. Use digital microscopy to capture the images 26 .  pause poInt Slides can be store for ≥2 months at 4 °C to help retain fluorescent signal. 4 8 mM and NaCl 136.9 mM, pH 7.0). Remove most of the buffer, and then with the aid of a rubber policeman, scrape the cells from the surface of the tissue culture flask. Pellet the cells for 5 min at 200g, 4 °C, in 1.5 ml microfuge tubes. Remove the supernatant and resuspend the cells in three times the pellet volume in 50 mM phosphate buffer (PB, pH 7.8) and sonicate on ice for a minimum of 1 × 30 s using a Vibra Cell cup horn sonicator at 40% power. Cell pellets can be stored at − 20 °C until assayed. Cell and tissue homogenates can be stored for 6 months at − 20 °C. Repeated freeze-thaw cycles should be avoided. Sample preparation from animal tissue Remove animal tissues postmor tem. Tissues can be prepared immediately or following storage at − 80 °C for up to 1 year. Mince the tissue (a minimum of 100 µg) using a razor blade on a glass plate or dish on ice. Place the tissue into a 12 × 75cm glass tube and add phosphate buffer at a ratio of 1:3. Homogenize the tissue on ice with a motordriven Teflon pestle homogenizer three times for 30 s. Place the sample into a 1.5ml Eppendorf tube and sonicate for 1 min in 30 s bursts (with cooling on ice in between) using a Vibra Cell cup horn sonicator at 40% power. All procedures should be carried out at 4 °C. Homogenized tissue can be stored at − 20 °C for 6 months. ! cautIon All experiments using animal or human samples should be reviewed and approved by the Institutional animal care and use committee. Protein concentration Protein concentration for cells and tissue can be estimated by the Bradford method according to the manufacturer's protocol and standardized using a BSA standard curve (0.25-4 µg µl − 1 ). Where indicated, protein concentration is measured by the method of Lowry et al. 33 . Samples are analyzed in 1 ml volumes using water as a control and the absorbance recorded at 595 nm using a spectrophotometer. Cell numbers can also be measured with a hemocytometer or Coulter counter. Enzyme activi ties can be expressed as normalized per cell, per mg protein or per µg DNA. General solutions Phosphate buffer (PB, 0.05 M, pH 7.8): Prepare 1 M stock solutions of KH 2 PO 4 and K 2 HPO 4 . Dilute 10 ml of 1 M KH 2 PO 4 to 200 ml with ddH 2 O and 50 ml of K 2 HPO 4 to 1 liter with ddH 2 O. Combine the diluted KH 2 PO 4 and K 2 HPO 4 solutions until the pH reaches 7.8. Store at 4 °C for up to 1 year. During experi mentation, the PB can be stored at 4 °C or at room temperature (25 °C). SOD assay solutions DETAPAC (1.43 mM) Weigh out 0.2635 g of DETAPAC and place into a 500ml glass bottle, add 500 ml of PB. Prepare fresh every week and store at 4 °C. Xanthine (1.18 mM) Add 18 mg of xanthine to 100 ml of PB in a 100ml glass bottle. Loosen the cap, add a small stir bar and heat to boiling to dissolve. Let the solution cool before use. Prepare fresh every week and store at 4 °C. NaCN (0.33 M) Add 50 ml of PB to a 100ml glass bottle. Weigh out 0.8087 g of NaCN and add to the glass bottle. Shake to mix; prepare fresh every 2 d; 43 mM) into a 15ml conical tube. crItIcal More stock XO may be needed because XO activity will decrease during storage and over the duration of the experiment. Prepare immediately before use and allow a 1h waiting period for the XO to stabilize its activity. Prepare fresh daily and store on ice during the experiment. Catalase assay solutions. ) of bovine liver catalase and store at − 20 °C for up to 1 year. GPx activity assay solutions PB for GPx activity assay (55.6 mM PB, 1.1 mM EDTA and 1.1 mM NaN 3 , pH 7.0) For the monobasic potassium phosphate buffer, weigh out 7.56 g of KH 2 PO 4 and add 0.4136 g of disodium EDTA (Na 2 EDTA) and 0.0726 g of NaN 3 , add to 1 liter of ddH 2 O and stir. For the dibasic buffer, weigh out 14.52 g of K 2 HPO 4 add 0.6204 g of Na 2 EDTA and 0.1084 g NaN 3 . Dissolve in 1.5 liter of ddH 2 O. To prepare the working PB solution, mix by pouring dibasic buffer into the monobasic buffer until the pH reaches pH 7.0 (requires about 1,300 ml of dibasic buffer to 1 liter of monobasic buffer). Store at 4 °C for up to 1 year. ! cautIon NaN 3 is toxic when inhaled and when in contact with the skin. Use in a fume hood and wear gloves. GPx stock solution Dissolve 200 units of GPx in 10 ml of stock PB (55.6 mM). Aliquot 0.25 ml into 1.5 ml microfuge tubes. Wrap the tubes in parafilm and store at − 20 °C for 1 month. GPx assay solution For 50 ml, add 0.0205 g of GSH (, 1.33 mM) and 0.266 ml of GR (1.33 EU ml − 1 ), and for 250 U ml − 1 , add PB to a final volume of 50 ml. GR calculation = 50 ml × 1.33 EU ml − 1 = 66.5 units/(units ml − 1 ) = X ml of GR to add to buffer. Prepare fresh on the day of use and store on ice. NADPH (4 mM) Weigh 0.0116 g of NADPH and add to 3 ml of stock phosphate buffer and keep on ice. Prepare fresh on the day of use. GPx assay substrates To determine total GPx activity, use cumene hydroperoxide (15 mM) (add 116.5 µl to 50 ml of ddH 2 O) or tbutyl hydroperoxide (12 mM) (add 83 µl to 50 ml of ddH 2 O). To determine Sedependent GPx activity, use H 2 O 2 (2.5 mM) as the substrate. Preparing the separating gel The recipe below is for two minigels that are assembled with 1.5 mm spacers. Commercially available precast TrisHCl gels can be used in place of the recipe below. Prepare and pour immediately before use at room temperature. For SOD gels, prepare 12% gels and 8% gels for GPx and catalase protein activity determination, respectively. PFA (4%, wt/vol) Weigh out 2 g PFA in a fume hood, keep aside. Combine 5 ml PBS (10×) and 25 ml water in a 250ml beaker. Heat the solution for 30 s in a microwave oven. Add the PFA and mix (using a stir bar). Add 1 ml NaOH (5 N) dropwise with a 5 ¾″ glass Pasteur pipette and 2 ml bulb and mix until dissolved. Adjust the pH to 7 with concentrated HCl. Make the total volume to 50 ml. Cool on ice or 4 °C. Store for 1 week at 4 °C in the glass beaker covered with parafilm or 100 ml glass bottle. Prepare fresh weekly. ! cautIon PFA is toxic when inhaled. Use in a fume hood and wear gloves. ! cautIon Sodium hydroxide is corrosive. Protect skin and wear gloves and a lab coat. Peroxidase quench Add 3 ml of 30% (wt/vol) H 2 O 2 to 45 ml of ddH 2 O in a glass beaker containing a stir bar and mix. Prepare fresh each time of use. Working ABC reagent Add two drops each of A and B to 5 ml of PBS. Prepare 30 min before use. Keep at room temperature, prepare fresh daily. DAB Plus (1 ml) Add one drop of chromogen to 1 ml of chromogen diluent. Keep at room temperature, prepare fresh daily. Hematoxylin 10% (wt/vol) Add 10 ml of Harris Hematoxylin using a pipetter and a disposable 10ml plastic pipette into a glass beaker containing 90 ml ddH 2 O. Gently mix using the pipetter. Keep at room temperature for up to 1 year. Filter before use if not prepared fresh. Ammonia water Add 1 ml of concentrated ammonium hydroxide to 100 ml of ddH 2 O to prepare a 1% (vol/vol) ammonium hydroxide water solution. Keep at room temperature, prepare fresh daily. ! cautIon NaCN is toxic when inhaled and when in contact with the skin. Use in a fume hood and wear gloves.  crItIcal step Add BSA first to prevent BCS precipitation.  crItIcal step When detecting total SOD, NaCN is replaced with PB. (ii) Turn on the visible light wavelengths on the spectrophotometer. For measuring total SOD activity, prepare a blank solution by adding 200 µl of PB to 800 µl of total assay solution or for measuring MnSOD activity add 200 µl of PB to 800 µl of MnSOD assay solution. Keep the solution in a 1-ml disposable cuvette and blank the machine at 560 nm using the appropriate blank. (iii) The XO concentration of the assay system should be adjusted to an absorbance/min result between 0.02 and 0.025 before use. For the total SOD assay, add 100 µl of PB, 800 µl of total SOD assay solution and 100 µl of total SOD assay XO solution. Measure the absorbance of the sample immediately. If the reading is < 0.02, adjust with XO stock. If reading is >0.025, adjust with DETAPAC. Repeat until the proper absorbance is measured. Repeat the XO adjustment for the MnSOD assay as above using the MnSOD assay system and MnSOD XO solution. (iv) Using a stock solution of 1,000 ng µl − 1 SOD, prepare three dilutions as described in the table below. Measure the absorbance of the dilutions at 560 nm and prepare a standard curve. Calculate the K m of SOD (see Step A(xi and xii)). If the assay is working properly, the K m should be near 7-15 ng. This standard is used only to ensure that the assay is working correctly. ! cautIon All experiments using animals or human samples should be reviewed and approved by the Institutional animal care and use committee.  crItIcal step For cells or tissue of expected low SOD activity, the input protein will need to be increased to 5, 10, 25, 50, 100, 200, 500, 800, 1,200 and 1,500 µg of protein.
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(vii) Add 800 µl of the appropriate assay solution (total or MnSOD) to the tubes. Mix by tapping the racks gently on the laboratory bench. Incubate the total SOD assay tubes for 10 min at room temperature and the MnSOD tubes for 30 min at room temperature.  crItIcal step MnSOD assay tubes need to incubate for 30 min at room temperature before running the assay to allow NaCN inactivation of CuZnSOD.  crItIcal step MnSOD samples should be run within 1 h of preparation to ensure that NaCN does not begin to inactivate MnSOD. (ii) Calibrate (blank) the spectrophotometer using 3 ml of PB in a 3-ml quartz cuvette. (iii) To begin the assay, add 4 ml of PB into a 12 × 75-mm glass tube. Add 20 µl of sample (for tissue samples, add a total of 100 µg of protein; for cells grown in culture, add ~400 µg of protein) or 25-50 µl of catalase standard. (iv) Using parafilm, invert the tube and divide each sample into two, and add 2 ml to two matched 3-ml quartz cuvettes. (v) Add 1 ml PB to one cuvette (negative control) and 1 ml of H 2 O 2 working solution to the other assay cuvette, making a final volume of 3 ml into each cuvette. Mix by inversion using parafilm. (vi) Immediately place the cuvettes into the spectrophotometer. Place the reference cuvette into position 1 of the sixchamber spectrophotometer. This will be subtracted from the sample cuvette to zero the reaction. If a single-beam spectrophotometer is used, place the reference cuvette in the machine and zero it manually. Place the second cuvette into position 2 and add 1 ml of H 2 O 2 working solution just before recording rather than at the same time as PB addition in Step 1B(v). Begin recording immediately. Record the absorbance change versus time for 2 min. For the catalase activity result to be accurate, the resultant absorbance plot should display an exponential decay curve for at least 1 min of the 2 min recording time.
? trouBlesHootInG (vii) Calculate the catalase activity using the following formula: 16, 17 . With activity gels (Figs. 2 and 3) , specific protein activity cannot be determined; however, native gel densitometry is often used to determine a relative activity content, which also correlates well with immunoreactive protein and subsequent activity assays [15] [16] [17] . Antioxidant immunofluorescent staining of cultured cells (Fig. 4) and immunogold techniques (Fig. 6) are also beneficial not only in determining increases in the antioxidant enzyme that is overexpressed but also provides potentially valuable information regarding cellular localization. Immunohistochemistry for antioxidant proteins can show changes in many disease states 28 . For example in Figure 5 , pancreatic cancer specimens show significant fibrosis and an increased inflammatory cell component to some of the histological sections. Fibrotic areas and inflammatory cells should be excluded in any region of interest because their dark staining falsely increases the measured staining intensity. As seen in Figure 5 , strong staining is seen in the cytoplasm in cells from normal pancreas, while staining is nearly undetectable in cells from pancreatic cancer resections with a marked decrease in the mean gray level value when compared with normal pancreas. 
